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FUEL CELL STACK STRUCTURE 



BACKGROUND OF THE INVENTION 



1 . Field of the lavention 

[0001] The invention relates to a stack structure of a fuel cell battery. 

2. Description of the Related Art 

[0002] As disclosed in Japanese Patent Application Publication No. JP-A-7- 
249417, or as shown in FIG. 5, fuel cell batteries, for example, solid polymer electrolj^e 
fuel cell batteries, have a stack structure that is formed by stacking unit cells 4. Each 
unit cell 4 is formed by sandwiching a membrane-electrode assembly (MEA) 2 between 
two separators 3, and the stack structure is secured with a fastening load applied in the cell 
stacking direction. 

[0003] A central portion of each unit cell 4 in directions along the plane of the 
cell is an electricity generation region 5 that generates electricity upon supply of a fuel gas 
and an oxidizing gas to the MEA. A portion around the electricity generation region 5 is 
a non-electricity generation region 6 that seals in the fuel gas, the oxidizing gas, and 
cooling water. In the non-electricity generation region 6 of each cell 4, the two 
separators 3 form a fixed-dimension structure in which an electrolj^e membrane 1 is 
sandwiched between hard resin frames 7 (the "fixed-dimension structure" herein refers to 
a structure in which one of the separators and the other separator or the separators and the 
electrol3l;e membrane bear loads by directly contacting each other without an intervening 
adhesive layer, and are provided with a uniquely defined dimension). 

[0004] The fixed-dimension structure may include a pseudo fixed-dimension 
structure as well as the true fixed-dimension structure (the "pseudo fixed-dimension 
structure" herein refers to a structure in which one of the separators and the other 
separator or the separators and the electrolyte membrane bear loads by contacting each 
other through an intervening adhesive layer 8 that is thin (thinner than 50 |Lim) and is hard 
(the Young's modulus E thereof is greater than 100 MPa), and are provided with a 
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uniquely defined dimension). 

[0005] However, the conventional stack structure has the following problems. 

1) The load on the MEA varies, so that the durability of the MEA reduces. 

Since the constant thickness structure or pseudo constant thickness structure of the 
separators, and the MEAs have varying dimensions due to production and assembly, the 
load that acts on the MEAs upon appUcation of a fastening load to the stack considerably 
varies and deviates from a target value. If the load on an MEA deviates from the target 
value to a larger side, the durability of the MEA reduces. If the load on an MEA deviates 
to a smaller side, the contact resistance of the MEA increases, and therefore degraded 
performance of the fuel cell results. 

2) Large fastening load is needed. 

The fastening load needs to be large so as to reliably attain a necessary surface pressure in 
the electricity generation region despite the variation of the load on the MEAs. 

3) There is a possibility of cracking or deformation of separators due to the increased 
fastening load. 

The application of extra fastening load raises the possibility of cranking of separators if 
they are made of carbon, and the possibility of deformation of separators if they are made 
of a metal. 

4) Management of the MEA surface pressure is difficult. 

[0006] Since the fastening load depends on the dimensional variations of the 
MEAs and the constant thickness structures or pseudo constant thickness structures of the 
separators, it is difficult to control the load on the MEAs by the stack fastening load. 

[0007] The invention is intended to solve problems including 1) unstable 
durability of the MEA, 2) large stack fastening load, 3) possible cracking and deformation 
of separators, 4) difficult management of the MEA surface pressure, etc. 

SUMMARY OF THE INVENTION 



[0008] It is an object of the invention to provide a fuel cell stack structure that 
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allows 1) stabilization of the durability of the ME A, 2) reduction of the stack fastening 
load, 3) substantial prevention of the cracking and deformation of the separators, and 4) 
easy management of the MEA surface pressure, as compared with the conventional fuel 
cell stack structure. 

[0009] According to a first aspect of the invention, a structure of a fuel cell 
stack comprising a plurality of cells each formed by interposing an MEA including an 
electrolyte membreme, a catalyst layer and a diffusion layer between two separators, each 
of the cells having a power generation region in which power is generated and a non- 
power generation region in which power is not generated, characterized in that, an 
adhesive layer is provided between the separators in at least one of the cells, wherein the 
non-power generation region includes at least one of: (i) a region where the electrolyte 
membrane is located between the separators, and a portion of the adhesive layer is 
provided between the electrolyte membrane and one of the separators, and (ii) another 
region where the electrolyte membrane is not located and another portion of the adhesive 
layer is provided between the separators. 

[0010] In the first aspect, the adjacent cells may sandwich another adhesive 
layer. 

[0011] In the first aspect, the adhesive layer may have a Young's modulus of at 
most 100 MPa. 

[0012] According to the first aspect, the variation of the load on the MEA 
caused by a constant thickness structure or pseudo constant thickness structure in the 
conventional cell stack can be eliminated. Therefore, the load that acts on the MEA will 
not considerably deviate from a target value, and therefore the durability of the MEA 
becomes stable. 

[0013] Furthermore, since, unlike the conventional fuel cell stack, there occurs 
no variation of the load on the MEA caused by the dimensional variation of a constant 
thickness structure or pseudo constant thickness structure, it is no longer necessary to 
provide an extra fastening load for ensuring the application of a needed load to the MEA 
despite load variation. Therefore, a corresponding reduction of the stack fastening load 
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is possible. 

[0014] Furthermore, since it is not necessary to apply an extra fastening load, 
the cracking or deformation of separators is unlikely. 

[0015] Furthermore, in the foregoing structure, the constant thickness structure 
or pseudo constant thickness structure in the conventional fuel cell stack is replaced by the 
adhesive layer Therefore, since the load bearing by the constant thickness structure or 
pseudo constant thickness structure is eliminated, a major portion of the stack fastening 
load applied from outside is received by the electricity generation region. This means 
that the load on the MEA can be controlled by the stack fastening load applied from 
outside. As a result, the management of the MEA surface pressure becomes easy. 

[0016] In the first aspect and its related aspects, the Young's modulus of the 
adhesive layer may be within a range of 50 MPa to 30 MPa. 

[0017] In the first aspect and its related aspects, the adhesive layer may have a 

thickness of 50 jum to 150 |Lim. 

[0018] In the first aspect and its related aspects, a rigid spacer may be provided 

in the adhesive layer. 

[0019] In the first aspect and its related aspects, the adhesive layer may have a 
thickness that allows the adhesive layer to have a Young's modulus of at most 100 MPa 
even if a hard spacer is provided in the adhesive layer. 

[0020] According to the foregoing aspects, the non-electricity generation region 
can be provided with a non-load bearing structure (i.e., a structure that bears substantially 
no stack fastening load). 

[0021] In the first aspect and its related aspects, a plurality of multi-cell 
modules each formed by stacking a plurality of cells as mentioned above are linearly 
arranged in a cell stacking direction, and a bead gasket may be provided as a seal between 
the multi-cell modules, and a separator of an end cell of a multi-cell module which 
contacts the bead gasket may have a greater planar rigidity than a separator of a central 
cell of the multi-cell module. 

[0022] In this aspect, if a whole stack of several hundred cells is formed by 
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adopting a stack structure in which cells are adhered in a sealing fashion, low yield results 
because if the stack has one defective cell, all the cells of the stack are unusable. In 
order to avoid such an inconvenience, it is sometimes desired that multi-cell modules 
having several tens of cells be formed, and be arranged in line to form a stack. 

[0023] In that case, it is desirable that the multi-cell modules be joined by 
disposing bead gaskets therebetween as seals instead of using an adhesive or the like so 
that the modules can be disassembled. However, since a construction free of constant 
thickness structure or pseudo constant thickness structure is adopted, the backup 
construction on the bead gasket back surface becomes a problem. This problem can be 
solved by the above-described fuel cell stack structure of the invention. 

[0024] According to this fuel cell stack structure, since the bead gasket- 
contacting separator of the end cell of a multi-cell module has a greater planar rigidity 
than the separator of the central cell of the multi-cell module, the cracking or deformation 
of the separator of the end cell can be prevented even if the separator is pressed by the 
bead gasket. 

[0025] In the first aspect and its related aspects, the planar rigidity of the 
separator of the end cell of the multi-cell module may be made greater than the planar 
rigidity of the separator of the central cell by placing a generally flat plate on the separator 
of the end cell. Thus, merely by placing a plate on the separator of the end cell, an 
increased rigidity of the end cell separator can be achieved without the need to change 
other structures. 

[0026] In the first aspect, it is possible that only the adhesive layer be provided 
between the two separators. 

[0027] In the first aspect, the adhesive layer may be provided between the 
separators in the entire non-power generation region. 

[0028] In the first aspect, the adhesive layer may contain rigid beads each of 
which has a diameter equal to or smaller than a thickness of the adhesive layer. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIG. 1 is a fragmental sectional view of a fuel cell stack structure in 
accordance with a first embodiment of the invention. 

[0030] FIG. 2 is a fragmental sectional view of a fuel cell stack structiure in 
accordance with a second embodiment of the invention. 

[0031] FIG. 3 is an elevation of a cell of the fuel cell stack structure in 
accordance with the first and second embodiments of the invention. 

[0032] FIG. 4 is a sectional view of the entire fuel cell stack structure in 
accordance with the first and second embodiments of the invention. 

[0033] FIG. 5 is a firagmental sectional view of a conventional fuel cell stack 
structure. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0034] The fuel cell stack structure of the invention will be described 
hereinafter with reference to FIGS. 1 to 4. FIG. 1 shows a first embodiment of the 
invention, and FIG. 2 shows a second embodiment of the invention. FIGS. 3 and 4 are 
applicable to both the first embodiment and the second embodiment of the invention. 
Portions common or similar between the first and second embodiments of the invention 
are represented by the same reference numerals in the drawings and description of the first 
and second embodiments of the invention 

[0035] Firstly, portions common or similar between the first and second 
embodiments of the invention will be described with reference to, for example, FIGS. 1, 3 
and 4. 

[0036] The fuel cell battery to which the stack structure of the invention is 
applied is, for example, a soHd polymer electrolyte fuel cell battery 10. The fuel cell 
battery 10 is installed in, for example, a fuel cell motor vehicle. However, the fuel cell 
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battery 10 may also be used for purposes other than motor vehicles. 

[0037] The solid polymer electrolyte fuel cell battery 10 is formed by a stack of 
membrane-electrode assemblies (MEAs) and separators 18. The stacking direction is not 
linaited to the vertical or horizontal directions, but may be any direction. 

[0038] Each membrane-electrode assembly includes an electrolyte membrane 
11 having an ion exchange membrane, an electrode (anode or fuel electrode) 14 having a 
catalytic layer disposed on a surface of the electrolyte membrane 11, and an electrode 
(cathode or air electrode) 17 having a catalytic layer disposed on another surface of the 
electrolyte membrane 11. Anode-side diffusion layers 13 and cathode-side diffusion 
layers 16 are provided between the membrane-electrode assemblies and the separators 18. 

[0039] A unit cell 19 is formed by sandwiching an ME A between separators 18. 
A plurality of unit cells 19 are stacked to form a cell stack arrangement. Each of two 
opposite ends of the cell stack arrangement in the cell stacking direction is provided with 
a terminal 20, an insulator 21 and an end plate 22. The cell stack arrangement is 
clamped in the cell stacking direction, and is fixed by using bolts and nuts 25 and an 
outside member 24 extending in the cell stacking direction outside the cell stack 
arrangement. In this manner, a fuel cell stack 23 is formed. 

[0040] The separators 18 may be any of carbon separators, metal separators, 
electrically conductive resin separators, combinations of metal separators and resin frames, 
and combinations of the foregoing separators and frames. 

[0041] Each separator 18 has reaction gas channels 27, 28 (a fuel gas channel 
27 and an oxidizing gas channel 28) for supplying a fixel gas (hydrogen) and an oxidizing 
gas (oxygen, or air in ordinary cases) to the anode 14 and the cathode 17, and ftirther has 
in a reverse surface thereof a coolant channel 26 for conducting a coolant (cooling water 
in ordinary cases). 

[0042] Coolant manifolds 29, fiiel gas manifolds 30 and oxidizing gas 
manifolds 31 extend through the separators 18. The manifolds 29, 30, 31 are supplied 
with their respective fluids (coolant, fuel gas, oxidizing gas) from fluid supply pipes. 
The fluids flow from inlet sides of the manifolds 29, 30, 31 into cell channels 26, 27, 28, 
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and flow out of the cell channels 26, 27, 28 into outlet sides of the manifolds 29, 30, 31, 
and then exit from fluid discharge pipes. 

[0043] Each cell 19 has an electricity generation region 35, and a non-electricity 
generation region 36 around the region 35. The reaction gas channels 27, 28, and the 
coolant channel 26 provided on the reverse surface are formed in the electricity generation 
region 35. The manifolds 29, 30, 31 are formed in the non-electricity generation region 
36. In order to prevent mixture of the different fluids, seals are provided between the 
separators 18 of each cell 19 and between the separators 18 of adjacent cells 19. 

[0044] In each cell 19, an adhesive layer 33 (33a) is provided between the two 
separators 18 sandwiching the MEA, and neither a constant thickness structure nor a 
pseudo constant thickness structure is provided therebetween. In this structure, an 
adhesive layer 33 exists in each space between the separators 18 and electrolyte 
membrane 11 and the space between the two separators 18 of each cell 19. Therefore, in 
the non-electricity generation region, the two separators 18 of each cell 19 do not directly 
contact each other. Furthermore, in the non-electricity generation region, the separators 
18 do not directly contact the electrolyte membrane 11, and do not directly clamp the 
electrolyte membrane 1 1 . 

[0045] In spaces between adjacent cells 19, the non-electricity generation 
region is not provided with a bead gasket, but is provided with an adhesive layer 33 (33b). 

[0046] The adhesive layer 33 (33a, 33b) is an adhesive layer that has a Young's 
modulus of 100 MPa or less and is softer than the conventional adhesive layer (the 
Young's modulus of the conventional adhesive layer is greater than 100 MPa). 

[0047] It is more preferable that the Young's modulus of the adhesive layer 33 
(33a, 33b) be within the range of 50 MPa to 30 MPa. 

[0048] The adhesive layer 33 (33a, 33b) has a thickness of 50 to 150 fxm, and is 
thicker than the conventional adhesive layer (the thickness of the conventional adhesive 
layer is less than 50 |im). The adhesive layer 33 may contain hard beads, in that case, 
the diameter of the beads must be less than or equal to the thickness of the adhesive layer 
33. 
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[0049] A spacer 34 made of a hard material (e.g., a resin) may be inserted in the 
adhesive layer 33 (33a, 33b) in order to reduce the amount of adhesive. In the 
construction shown in FIG. 1, spacers 34 (having a less thickness than the resin frame 7 
shown in FIG. 5) are inserted between the separators 18 of each unit cell 19. However, 
spacers may also be inserted between the separators 18 of adjacent cells 19. 

[0050] Even if a spacer 34 is inserted, the adhesive layer 33 (33a, 33b) has a 
thickness that allows the adhesive layer 33 to have a Young's modulus of 100 MPa or less. 
If the adhesive layer 33 is excessively thin, the adhesive layer 33 may lose the capability 
of serving as an elastic layer. Therefore, the adhesive layer 33 is provided with a 
thickness that allows the adhesive layer 33 to have a Young's modulus of 100 MPa. 

[0051] If a plurality of adhesive layers 33 exist between the separators 18 of a 
unit cell 19 in the case where a spacer 34 is inserted between the separators 18, the total 
thickness of the adhesive layers 33 is defined as the aforementioned thickness of the 
adhesive layer 33. In FIG. 1, two spacers 34 are inserted between the two separators 18 
of each cell 19, so that three adhesive layers 33 exist between the two separators 18. In 
this construction, it is appropriate that the total thickness of the three layers be set so that 
the adhesive layer 33 formed by the three layers has a Young's modulus of 100 MPa or 
less. 

[0052] As shown in FIG. 4, the stack 23 may be a stack structure in which a 
plurality of multi-cell modules 40 (e.g., ten modules) each of which is formed by stacking 
a plurality of cells 19 (e.g., several cells to several tens of cells, for example, twenty cells) 
are arranged in line in the cell stacking direction and bead gaskets 32 are provided as seals 
between the multi-cell modules 40. An in-line arrangement of ten multi-cell modules 40 
each having twenty cells makes a stack 23 of two hundred cells. 

[0053] If the stack 23 has multi-cell modules 40, the fuel cell stack 23 has a 
plurality of multi-cell modules 40 arranged in line in the cell stacking direction, and an 
outside member 24. 

[0054] Each multi-cell module 40 has a multi-cell assembly 41 formed by 
stacking a plurality of cells, and a module frame 42 having a first wall 43 that surrounds 
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the multi-cell assembly 41 and extends in the cell stacking direction of the multi-cell 
assembly 41. 

[0055] The outside member 24 extends in the cell stacking direction outside the 
multi-cell modules 40 and over all the multi-cell modules 40. 

[0056] In each multi-cell module 40, the multi-cell assembly 41 thereof is not 
restrained in the cell stacking direction by the module frame 42 of the multi-cell module 
40, so that thermal expansions of the cells 19 in the cell stacking direction can be relieved. 

[0057] In each multi-cell module 40, a space is formed or a deformable 
adhesive member 45 is provided between an outer surface of the multi-cell assembly 41 of 
the multi-cell module 40 and an inner surface of the first wall 43 of the module frame 42 
of the multi-cell module 40, in order to relieve thermal expansions of the cells 19 that 
occur in directions orthogonal to the cell stacking direction. 

[0058] An external restrainer member 46 is provided between an inner surface 
of the outside member 24 and outer surfaces of the first walls 43 of the module frames 42 
of the individual multi-cell modules 40. It is desirable that the external restrainer 
member 46 be formed from a deformable material so as to absorb differences in the 
thermal expansion in directions orthogonal to the cell stacking direction between the outer 
sxuface of each first wall 43 and the inner surface of the outside member 24. Examples 
of such a deformable material include a resin, a glass-mixed epoxy material, etc. 
However, the material of the external restrainer member 46 is not limited to the resin or 
the glass-mixed epoxy material. 

[0059] Since the external restrainer member 46 is disposed between the outer 
surface of each first wall 43 and the inner surface of the outside member 24, the inertia 
force that acts on the multi-cell modules 40 at the time of a vehicle collision or the like 
can be received by the outside member 24 via the external restrainer member 46. Since 
the external restrainer member 46 is formed of a deformable material, the external 
restrainer member 46 is able to absorb differences in thermal expansion in directions 
orthogonal to the cell stacking direction between the outer surface of each first wall 43 
and the inner surface of the outside member 24. 
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[0060] A spring box 47 is disposed in line in the cell stacking direction with 
respect to the plural multi-cell modules 40 disposed in line in the cell stacking direction. 
A spring force (constant load) from the spring box 47 is exerted on each one of the multi- 
cell modules 40 in the cell stacking direction. The spring box 47 has a plurality of 
springs 48 that are arranged in parallel with each other. The spring box 47 is provided in 
an end portion of the stack 23 where the supply and discharge pipes for the different fluids 
are not connected. The spring box 47 is disposed between the insulator 21 and the end 
plate 22. The spring force from the spring box 47 can be adjusted by an adjust screw 49 
provided between the spring box 47 and the end plate 22. 

[0061] The operations and advantages common between the first embodiment 
and the second embodiment of the invention will be described. 

[0062] In the fuel cell stack structure of the invention, since the adhesive layer 
33 (33a) is provided between the two separators 18 sandwiching an MEA without 
provision of a constant thickness structure (denoted by 7 in FIG. 5) or a pseudo constant 
thickness structure (denoted by 8 in FIG. 5), it becomes possible to elinodnate variation of 
the load on the MEA caused by the varying dimensions of MEAs due to production errors 
or the like. Therefore, the load on the MEA does not considerably deviate from a target 
value. Hence, there is no reduction in the durability of the MEA caused by the load 
deviating from the target value to the larger side, and the durability of the MEA becomes 
stable. Furthermore, the deterioration in the fuel cell performance caused by the load 
deviation from the target value to the smaller side is unlikely since there is no 
considerable deviation of the load on the MEA from the target value. 

[0063] For example, in the case where the fastening load that needs to be 
applied to the MEA in order to reduce the contact resistance is 2 tons and an extra 
fastening load of 2 tons is applied in order to ensure the application of the needed load to 
the MEA despite load variation, that is, a fastening load of 4 tons in total is applied, the 
durability of the MEA becomes remarkably less than in the case where the total fastening 
load is 2 tons. However, in the foregoing construction, since the provision of a constant 
thickness structure or pseudo constant thickness structure is abolished, the variation of the 
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load on the MEA can be eliminated, and therefore the fastening load can be set at 2 tons. 
Thus, the durability of the MEA can be increased. 

[0064] Furthermore, since, unlike the conventional fuel cell stack, there occurs 
no variation of the load on the MEA caused by the dimensional variation of a constant 
thickness structure or pseudo constant thickness structure, it is no longer necessary to 
provide an extra fastening load for ensuring the application of the needed load to the MEA 
despite load variation (an extra fastening load is applied in the conventional technology). 
Therefore, a corresponding reduction of the stack fastening load is possible according to 
the invention. 

[0065] For example, in the case where a fastening load of 2 tons is needed in 
order to attain a needed contact surface pressure of the MEA, the conventional technology 
requires the application of an extra fastening load of 2 tons in order to ensure the 
application of the needed load to the MEA despite load variation, that is, requires the 
application of a fastening load of 4 tons in total. In the same case, the invention merely 
requires the application of the load of 2 tons for attaining the needed contact surface 
pressure of the MEA plus a small amount of load a (a may be, for example, 0.2 ton). 
Thus, the invention reduces the applied fastening load from the conventional 4 tons to 2.2 
ton. 

[0066] Furthermore, since it is not necessary to apply an extra fastening load, 
the cracking or deformation of separators is unlikely. For example, if, in the case where 
a fastening load of 2 tons is needed in order to attain a needed contact surface pressure of 
the MEA, an extra fastening load of 2 tons is applied in order to ensure the application of 
the needed load to the MEA despite load variation, that is, a fastening load of 4 tons in 
total is applied as in the conventional art, the extra load of 2 tons may act on the non- 
electricity generation region, leading to the possible cracking or deformation of separators. 
In the same case, the invention merely requires the application of the load of 2 tons for 
attaining the needed contact surface pressure of the MEA plus a small amount of load a 
(a may be, for example, 0.2 ton), so that only the load a of 0.2 ton may act on the non- 
electricity generation region, which is a remarkable reduction from the conventional 2 ton. 
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Thus, in the invention, the cracking or deformation of separators is unlikely. 

[0067] In the structure of the invention, the constant thickness structure or 
pseudo constant thickness structure as in the conventional fuel cell stack is replaced by the 
adhesive layer 33a. Therefore, since the load bearing by the constant thickness structure 
or pseudo constant thickness structure as in the conventional technology is eliniinated, a 
major portion of the stack fastening load applied from outside is received by the MEA of 
the electricity generation region. This means that the load on the MEA can be controlled 
by the stack fastening load applied from outside. As a result, the management of the 
MEA surface pressure becomes easy. 

[0068] For example, if, in the case where a fastening load of 2 tons is needed in 
order to attain a needed surface pressure of the MEA, an extra fastening load of 2 tons is 
applied in order to ensure the application of the needed load to the MEA despite load 
variation, that is, a fastening load of 4 tons in total is applied, the load that actually acts on 
the MEA cannot be determined without conducting measurement. However, since the 
invention is free of the conventional load bearing by the constant thickness structure or 
pseudo constant thickness stmcture, a major portion of the stack fastening load of 2 tons 
applied from outside is received by the MEA of the electricity generation region, and 
therefore it becomes possible to control the load on the MEA by the stack fastening load 
of 2 tons applied from outside. 

[0069] Since the load bearing by the constant thickness structure or pseudo 
constant thickness stmcture as in the conventional technology is eliminated, the load on 
the MEAs hardly varies. Therefore, the management of MEA surface pressure is easy; 
for example, the management thereof can be appropriately accomplished merely by 
controlling the stack fastening load to 2 tons. Since the spring force from the spring box 
47 is consistent, the MEA surface pressure becomes substantially consistent in the 
invention. In contrast, if a predetermined stack fastening load is applied to a 
conventional stack having constant thickness structures or pseudo constant thickness 
structures, the load exerted on the MEAs considerably varies depending on the 
dimensional variations of the constant thickness structures or pseudo constant thickness 



wo 2005/067086 PCT/IB2004/004237 

14 

Structures and the MEAs. 

[0070] Furthermore, since bead gaskets are not provided between adjacent cells 
19 but the adhesive layers 33 (33b) are provided therebetween, it becomes possible to 
more reliably provide a structure in which the stack fastening load is borne by the 
electricity generation region 35, and is not borne by the non-electricity generation region 
36 (non-load bearing structure of the non-electricity generation region 36). 

[0071] Furthermore, since the adhesive layers are provided instead of bead 
gaskets, it is no longer necessary to adopt a fixed-dimension or pseudo fixed-dimension 
structure as a backup structure for the bead gasket on a side of each separator 18 which 
faces the back surface of the bead gasket. Therefore, the provision of a constant 
thickness structure-free structure on the bead gasket back surface side of the separator 18 
will not cause any problem. If a bead gasket is provided, a constant thickness structure- 
free structure cannot be adopted and a fixed-dimension or pseudo fixed-dimension 
structure must be adopted as in the conventional ftiel cell batteries. 

[0072] Since the adhesive layer 33 (33a, 33b) is constructed so as to have a 
Young's modulus of 100 MPa or less, the bead gasket back surface side of the separators 
18 can be considered to have a constant thickness structure-free structure, that is, the 
adhesive layer 33 allows formation of a non-load bearing structure that is a softer 
structure as compared with the adhesive layer of the conventional fuel cell battery. A 
more preferable range of the Young's modulus of the adhesive layer 33 is 50 MPa to 30 
MPa. 

[0073] Furthermore, since the adhesive layer 33 (33a, 33b) is constructed so as 
to have a thickness of 50 to 150 |am, the bead gasket back surface side of the separators 18 
can be considered to have a constant thickness structure-free structure. A more 
preferable range of the thickness of the adhesive layer 33 is 90 \im to 110 |j.m. 

[0074] Although the spacer 34 is inserted in the adhesive layer 33 (33a, 33b), 
the adhesive layer 33 is provided with a thickness that allows the adhesive layer to have a 
Young's modulus of 100 MPa or less. Therefore, despite the insertion of the spacer 34, it 
is possible to reliably provide the constant thickness structure-free structure. 
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[0075] If at least one of the foregoing conditions is adopted, the non-electricity 
generation region 36 can be provided with a non-load bearing structure (i.e., a structure 
that bears substantially no stack fastening load). 

[0076] Next, the construction, operation and advantages of peculiar portions of 
individual embodincients of the invention will be described. It is to be noted that the 
foregoing description of the common portions of the embodiments will be partly repeated 
below. 

[0077] [FIRST EMBODIMENT] 

[0078] As shown in FIG. 1, the first embodiment of the invention has the 
following features: i) there is no constant thickness structure; ii) there is no pseudo 
constant thickness structure that receives load as a substitute for a constant thickness 
structure; iii) there is no bead gasket; and iv) in the non-electricity generation region 36 of 
the separators 18, the MEA-contacting surface and the. cooling water-contacting surface 
both have an adhesion structure formed by the adhesive layer 33. 

[0079] The operation and advantages of the first embodiment are as follows. 

[0080] a) Since the constant thickness structure and the bead gasket are absent, 
the stack fastening load can be reduced, b) Application of the fastening load needed for 
reduction of the contact resistance of the ME A plus a load a (small amount) suffices. As 
a result, the MEA surface pressure can be managed by the fastening load, c) Since the 
extra load on the constant thickness structure is substantially eliminated or reduced, the 
cracking or deformation of separators is unlikely to occur. 

[0081] [SECOND EMBODIMENT] 

[0082] In terms of yield, it is not easy to produce a whole stack by adopting the 
cell adhesion structure of the first embodiment of the invention. Therefore, in some 
cases, it is desired that a stack 23 be constructed as shown in FIG. 4, that is, by linearly 
arranging a plurality of multi-cell modules 40 each of which has several cells (e.g., at least 
five cells) to several tens of cells. In that case, adhesion of the multi-cell modules 40 is 
not desired, and therefore bead gaskets 32 are provided as seals between the multi-cell 
modules 40. However, since a constant thickness structure or pseudo constant thickness 



wo 2005/067086 PCT/IB2004/004237 

16 

Structure-free construction is adopted, the backup construction on the bead gasket back 
surface becomes a problem. 

[0083] The second embodiment solves the problem. 

[0084] In the second embodiment of the invention, the bead gasket 32- 
contacting separator 18 of an end cell of a multi-cell module 40 has a greater planar 
rigidity than the separators 18 of a central cell of the multi-cell module 40. 

[0085] In this case, a plate 18A (which is referred to as "dummy separator" or 
"end structural member", and which is formed of, for example, a flat plate, and has holes 
of the manifolds 29, 30, 31) is placed on the separator 18 of the end cell. The plate 18A 
has a greater thickness than the separators 18, so as to attain an increased rigidity. 

[0086] When the plate 18A is superimposed, the plate 18A and the contacting 
separator 18 of the end cell are adhered at the non-electricity generation region 36 in a 
sealing fashion. The adhesive used for the plate 18 A may be the same adhesive that 
forms the adhesive layers 33. 

[0087] The operation and advantages of the second embodiment are as follows. 

[0088] a) While yield tends to deteriorate if a stack structure foimed in a 
fashion of several hundred cell module adhesion is adopted, yield can be improved by 
adopting a stack structure of in-line arrangement of multi-cell modules each having 
several tens of cells, b) As for the sealing between the multi-ceU modules, the bead 
gaskets 32 can be used due to the increased rigidity of the end cell separator, for example, 
the increased rigidity achieved by the plate 18 A. 



